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Received 24 August 2012; revised 6 December 2012; accepted 28 December 2012AbstractBackground: No studies have compared effectiveness of resistance training and Tai Ji exercise on relieving symptoms of knee osteoarthritis
(OA). The purpose of the study was to evaluate effects of a 10-week Tai Ji and resistance training intervention on improving OA symptoms and
mobility in seniors with knee OA.
Methods: Thirty-one seniors (60e85 years) were randomly assigned to a Tai Ji program (n ¼ 12), a resistance training program (n ¼ 13), and
a control group (n ¼ 6). All participants completed the Western Ontario and McMaster (WOMAC) Osteoarthritis Index and performed three
physical performance tests (6-min walk, timed-up-and-go, and timed stair climb and descent) before and after the 10-week intervention.
Results: The participants in the resistance training group significantly improved on the timed-up-and-go test ( p ¼ 0.001), the WOMAC pain sub-
score ( p ¼ 0.006), WOMAC stiffness sub-score ( p < 0.001), and WOMAC physical function sub-score ( p ¼ 0.011). The Tai Ji group
significantly improved on the timed-up-and-go test ( p < 0.001), but not on the WOMAC scores.
Conclusion: Resistance training was effective for improving mobility and improving the symptoms of knee OA. Tai Ji was also effective for
improving mobility, but did not improve knee OA symptoms.
Copyright  2013, Shanghai University of Sport. Production and hosting by Elsevier B.V.
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Osteoarthritis (OA) is the leading cause of disability in the
United States.1 OA causes pain and stiffness in the affected* Corresponding author.
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http://dx.doi.org/10.1016/j.jshs.2013.01.001joint, and can also lead to a decline in knee strength and
slowing of gait speed beyond what is normally expected due to
advancing age.2 These changes often result in significant
limitation of daily activities for people with knee OA and
consequently lead to the loss of functional independence.
Lawrence et al.1 estimated that in 2005, 18.6 million U.S.
citizens over 60 years old had mild, moderate, or severe
radiographic knee OA, of which about 6 million were clini-
cally symptomatic.
Many forms of exercise, including walking, resistance
training, hydrotherapy, flexibility training, and balance training,
have been investigated as potential methods of managing OA
symptoms and improving mobility.3,4 Resistance training hasng by Elsevier B.V. Open access under CC BY-NC-ND license.
Fig. 1. Flow-chart of study protocol.
210 M. Wortley et al.been shown to improve strength and mobility in elderly pop-
ulations,5e7 and to improve strength and physical function of
knee OA patients without increasing knee pain.8,9 Some studies
have reported that resistance training also helped reduce pain
associated with OA.10e13 In the Osteoarthritis Research Society
International (OARSI) recommendations for managing knee
OA, Zhang et al.14 reported a small effect size for knee
strengthening for both reducing pain (95% CI 0.23e0.42) and
improving function (95% CI 0.23e0.41). However, reports of
the effectiveness of resistance training to reduce OA symptoms
vary widely, although the effects are typically positive.
Tai Ji (also referred as Tai Chi), a 4-century-old Chinese
martial art and a mindebody therapy, is characterized by
many slow and flowing movements with graceful and gentle
transition from one to the other.15,16 It has gained increasing
popularity as an OA treatment. A growing number of
randomized and controlled clinical trials in the past 20 years
have found that participation in Tai Ji can improve quality of
life and physical function.17 It has been demonstrated that Tai
Ji improves balance, strength, flexibility, cardiovascular and
respiratory functions, pain, depression, anxiety, and arthritic
symptoms in various populations.18 Some studies have found
an improvement in pain19,20 in knee OA populations, while
others have found this change was not significantly different
from control subjects.21 Only a handful of randomized clinical
trials evaluating Tai Ji for OA have been conducted,22 and the
evidence for the effectiveness of Tai Ji is mixed.
The objective of this study was to evaluate and compare the
effectiveness of a 10-week Tai Ji intervention and a 10-week
resistance training intervention in senior citizens with knee
OA. Each intervention was evaluated in terms of its ability to
improve strength and mobility, and to reduce pain and stiffness
resulting from knee OA. It was hypothesized that both inter-
ventions would equally improve the mobility and OA symp-
toms of the participants.
2. Methods2.1. ParticipantsParticipants were recruited from Knox county area senior
centers, advertisement in local newspaper and a local news-
letter for seniors. Interested persons were asked to contact the
researchers by telephone, and all callers were given a brief
telephone interview to see if they met the inclusion and
exclusion criteria (Fig. 1). To be eligible to participate, the
callers had to be between the ages of 60 and 85 years, and
have knee OA. Participants were excluded if they had received
arthroscopic surgery or an intra-articular injection within the
past 3 months, neurological disorders, or had participated in
a resistance training or Tai Ji in the past 6 months. Potential
participants who met the pre-screening criteria were invited to
a screening session conducted by one of the co-authors to
confirm that participants met the clinical inclusion criteria
based on the Classification Criteria for Knee OA of the
American College of Rheumatology.23 Finally, bilateral knee
X-rays were taken and evaluated for osteophytes and jointspace narrowing by the same co-author based on the Kellgren/
Lawrence (K/L) scale.24 Individuals with a K/L grade between
1 and 4 of the medial knee compartment and petellofemoral
joint were included in the study. All participants read and
signed an informed consent document approved by the Insti-
tutional Review Boards.
All qualified participants attended a baseline data collection
session (Fig. 1). During the data collection session, each
participant completed a Physical Activity Scale for the Elderly
(PASE) survey25 in order to monitor their overall level of
activity. All participants performed tests to evaluate the
participant’s mobility, OA symptoms, and gait. The baseline
data collection was conducted within a 2-week period prior to
the intervention program. Following the 10-week intervention,
all participants completed a post-training data collection
session identical to the baseline session within a 2-week
period. The pre- and post-training tests were conducted by the
same researchers.2.2. InterventionWithin two weeks of completing the baseline testing
session the participants were pseudo-randomly assigned to
either a resistance training program (RT), a Tai Ji program
(TJ), or a control group (CON) based on gender and pain score
of the Western Ontario and McMaster (WOMAC) Osteoar-
thritis Index.26 All three groups were asked not to alter their
regular physical activity or pain medications during the
10-week intervention programs.
The RT group participated in an open-kinetic chain resis-
tance training program designed specifically for knee OA
patients, which consisted of two 1-h sessions per week. The
program included the following knee and hip exercises per-
formed with ankle cuff weights: seated leg extension, standing
hamstring curl, straight leg raise, standing hip abduction,
standing hip adduction, standing hip flexion, standing calf
raise. Participants started with either a 5 lb or 10 lb ankle
weight and progressed from two sets of eight repetitions to
Resistance and Tai Ji training on knee OA 211three sets of 12 repetitions during the first 6 weeks, and were
allowed to increase the weight as needed during the final 4
weeks.
The TJ group participated in a 1-h group training session
twice per week in which they learned and practiced a program
of 12 basic movements adapted from the Yang style Tai Ji. The
program was designed by a Tai Ji master with 35 years of
experience. The program began by learning the first two
movements during the first session, and then adding a new
movement during each session for the first 5 weeks. In each
training session of the first weeks, sufficient time was provided
for practicing the new and previously learned movements.
During the last 5 weeks, participants also practiced the
movements in the opposite direction to the original direction
in order to similarly “load” both lower limbs.
The CON group was asked not to alter their usual physical
activity or medication during the 10 weeks of the intervention,
and was contacted once by telephone during the intervention.2.3. Tests of mobility and symptomsTable 1
Participant and training group information (mean  SD).
Resistance training Tai Ji Control
n (female/male) 13 (9/4) 12 (9/3) 6 (4/2)
Age (years) 69.5  6.7 68.1  5.3 70.5  5.0
aTo evaluate mobility associated with walking, stair ascent/
descent, and chair rise, participants performed three physical
function tests at the baseline and post-training test sessions.
The 6-min walk test (6MWT) was conducted on a 49 m  2 m
rectangle hallway that was marked with painter’s tape on the
floor. The participants were instructed to walk around the
rectangle in order to cover as much ground as possible in
6 min,27 and the distance walked was measured to the nearest
tenth of a meter. In the timed-up-and-go test (TUG), partici-
pants were timed as they rose from an arm chair, walked 3 m,
turned around, and then walked back to the chair and sat
down.28 Three trials of the TUG test were performed and the
average time was used for data analysis. During the timed stair
climb and descent (SCD), the participants were timed as they
climbed a single flight of 11 stairs, turned around, and
descended the same flight of stairs at a quick but safe speed.
The subjects were instructed that they could use the hand rails
for support, but not for pushing or pulling their way up the
stairs.28 Because participants often found this activity painful,
it was only performed once.
The WOMAC questionnaire (Visual analog scale version
3.1) was administered at the baseline and post-training testing
sessions. In addition, the WOMAC was also administered at
the end of the 5th week of the training sessions only for the RT
and TJ groups. The sub-scales of pain, stiffness, and physical
function of WOMAC were used as dependent variables.K/L grade 2 (2) 3 (3) 2 (1)
BMI (kg/m2)
Baseline 30.5  6.0 35.1  5.9 30.0  6.22.4. Statistical analysis
Post-training 30.3  6.4 35.1  5.9 30.0  6.3
PASE score
Baseline 104.9  42.3 92.6  79.3 139.3  94.1
Post-training 177.2  62.1b 120.9  90.7b 142.0  74.6
Attendance (%) 87.69  9.04 81.67  9.85 n/a
Abbreviations: K/L grade ¼ Kellgren/Lawrence grade; PASE ¼ Physical
Activity Scale for the Elderly.
a Expressed in median (range).
b Significantly different from baseline.The baseline and post-training values for the participants’
body mass index (BMI) and PASE scores, as well as the
dependent variables, were compared using a 3  2 (group
 time) mixed model analysis of variance (ANOVA) with time
as a repeated factor (18.0 SPSS; Chicago, IL, USA). Paired
sample t tests were performed if the group  time interaction
or the time main effect were significant. The alpha level for allstatistical tests was set at 0.05 a priori. P values between 0.05
and 0.10 were considered marginally significant. The K/L
grades are scored on an ordinal scale and were analyzed using
a non-parametric KruskaleWallis test ( p < 0.05).
3. Results3.1. ParticipantsThirty-one out of 39 participants who started the study
completed the study. The participants who did not complete
the intervention did not differ from the other participants in
age, height, or mass. No differences were found between
groups at baseline for any variable (Table 1). The attendance
rates were 87.69% and 81.67% for the RT and TJ groups,
respectively.
There was a significant group  time interaction for the
PASE scores (F(2, 28) ¼ 5.560, p ¼ 0.009, observed power
(OP) ¼ 0.81). The post hoc comparison indicated no differ-
ence between the baseline and follow-up PASE scores for the
CON group, but the post-training PASE scores were signifi-
cantly greater than baseline for both the RT ( p < 0.001) and
the TJ ( p ¼ 0.032) groups (Table 1).
Although the groups were balanced on their baseline
WOMAC pain scores, the groups did have different distribu-
tions of K/L grades, with all four participants with a K/L grade
of 4 being in the TJ group. The KruskaleWallis test of the K/L
grades, however, found no significant difference between the
three groups.3.2. MobilityThere were no significant differences for the 6MWT.
There was a significant main effect for time on the TUG
test (F(1, 28)¼ 31.935, p< 0.001, OP¼ 1.00, Table 2). The post
hoc test found that TUG times were significantly faster post-
training for both the RT ( p¼ 0.001) and TJ groups ( p< 0.001),
but only a marginal difference for CON ( p¼ 0.088). There was
a marginally significant time effect for SCD (F(1, 28) ¼ 3.486,
p ¼ 0.072, OP ¼ 0.44). Post hoc comparisons showed margin-
ally significant pre/post differences for the RT group
Table 2
Mobility test results at baseline and post-training (mean  SD).
Resistance training Tai Ji Control
Baseline Post-training Effect sizeb p value Baseline Post-training Effect sizeb p value Baseline Post-training p value
6MWT (m) 459.7  72.2 473.8  55.4 0.23 0.218 421.2  77.4 431.6  67.3 0.11 0.467 501.9  114.0 507.2  118.7 0.779
TUG (s) 9.5  1.4 8.0  1.4a 0.80 0.001 9.2  2.1 8.1  1.8a 0.68 0.000 8.1  1.9 7.5  1.4 0.088
SCD (s) 18.7  9.5 14.8  4.3 0.90 0.071 19.5  8.1 17.3  8.0 0.77 0.061 16.4  9.7 16.9  10.4 0.49
Abbreviations: 6MWT ¼ 6-min walk test, TUG ¼ timed-up-and-go, SCD ¼ stair climb and descent.
a Significantly different from baseline.
b Effect size computed as Cohen’s d.29
212 M. Wortley et al.( p¼ 0.071) and the TJ group ( p¼ 0.061). Effect sizes (Cohen’s
d )29 of training for the physical function tests were provided in
Table 2.3.3. Knee OA symptomsThe ANOVAs on the WOMAC sub-scales showed
a marginally significant time effect on the pain sub-scale (F(1,
28) ¼ 4.130, p ¼ 0.052, OP ¼ 0.50, Table 3). Paired-sample
t tests showed a significant improvement on the pain sub-scale
( p¼ 0.006) for the RT group, but not for the TJ or CON groups.
There were both a significant time effect (F(1,28) ¼ 7.187,
p ¼ 0.012, OP ¼ 0.74) and interaction (F(2,28) ¼ 4.482,
p ¼ 0.020, OP ¼ 0.72) for the stiffness sub-scale. Post hoc
comparisons showed a significant improvement on the stiffness
sub-scale ( p < 0.001) for the RT group, but not for the TJ or
CON groups. For the physical function sub-scale, there was a
significant time effect (F(1,28)¼ 4.726, p¼ 0.038, OP¼ 0.56).
Post hoc comparisons for the physical function sub-scale were
significant for the RT group ( p ¼ 0.011), but not for the other
groups. Effect sizes of training for the WOMAC sub-scales
were provided in Table 3.
4. Discussion
The results of this study demonstrate that both the resistance
training and Tai Ji training programs were effective in
improving mobility of the participants. The RT group improved
by 16% on TUG and 21% on SCD, while the TJ group improved
by 12% and 11% on the TUG and SCD, respectively. Also, both
groups had moderate to large effect sizes for both the TUG
(effect size: 0.68 for TJ and 0.80 for RT) and SCD (effect
size: 0.77 for TJ and 0.90 for RT) compared to the control
group, which are in line with values reported in the literature.Table 3
WOMAC sub-scale scores at baseline and post-training (mean  SD).
Resistance training Tai Ji
Baseline Post-training Effect sizec p value Baseline
Pain 155  110 71  100a 0.86 0.006 169  135
Stiffnessb 91  52 23  24a 1.16 0.000 89  60
Physical function 494  265 240  249a 0.58 0.011 694  361
Abbreviations: WOMAC ¼ Western Ontario and McMaster Universities Osteoarth
a Significantly different from baseline.
b Significant difference in the training effect between resistance training and Ta
c Effect size computed as Cohen’s d.29Effect sizes calculated from data reported in a study of partic-
ipants in a 12-week 24-form Tai Chi for arthritis class were 2.46
and 2.52 for the TUG and RT tests, respectively.21 The partic-
ipants in a resistance training program improved their TUG by
10%, and participants in Tai Ji improved by 12%,4 both of which
are similar to the improvements found in this study. Topp et al.12
reported improvements of their participants in stair ascending
and descending performance by approximately 15% after
a program of resistance training and pain medication, while the
resistance training participants in this study improved by
20.8%. The lack of improvement in 6MWT may be related to
the nature of the two training programs. The 6MWT is more
aerobic in nature than the TUG and SCD, and neither inter-
ventionwas designed to improve the aerobic capacity. However,
both training groups showed significant improvements in the
TUG test andmarginal improvements in SCD test. These results
showed some evidence of improvements in gait speed.
The resistance training intervention in this study appears to
have been effective at improving WOMAC scores. Although
the time main effect for the pain sub-scale was only marginally
significant, the RT had a large effect on improving both pain and
stiffness (ES¼0.86 and 1.16, respectively) and a moderate
effect for physical function (ES ¼ 0.58). Estimates of effect
size in the literature for pain, stiffness, and physical function
range from 0.21, 0.18, and 0.25 respectively30 to 3.17,
2.74, and 3.58.12 The OARSI recommendations for
management of knee OA also listed positive effect sizes of knee
strengthening as 0.32 for both improvement of pain and phys-
ical function.14 In addition, Fig. 2 shows the changes in the
WOMAC sub-scales from baseline to post-training, including
an intermediate point that the participants completed after 5
weeks of training (not included in statistical comparisons).
Most of the improvements made by the RT group seemed to
occur in the first 5 weeks of training.Control
Post-training Effect sizec p value Baseline Post-training p value
141  107 0.14 0.479 170  86 157  96 0.702
82  61 0.04 0.681 67  46 57  40 0.737
552  392 0.17 0.284 547  396 475  282 0.667
ritis Index.
i Ji groups.
Fig. 2. Comparison of the change in Western Ontario and McMaster
(WOMAC) Osteoarthritis Index scores between resistance training (RT) and
Tai Ji (TJ) groups. (A): WOMAC pain sub-scale; (B): WOMAC stiffness sub-
scale; (C): WOMAC physical function sub-scale.
Resistance and Tai Ji training on knee OA 213The results of this study suggest that the Tai Ji intervention
had little-to-no effect on the participants’ OA symptoms re-
flected in the WOMAC sub-scale scores. This finding is
contrary to some of Tai Ji intervention literature. For example,
the participants of another study had significant improvements
on both the pain and physical function sub-scales that were
also significantly different from the control group beginning at
week 9 during a 12-week intervention.19 There was also
a significant difference from baseline in the stiffness sub-score
which was not significantly different from controls. A Tai Ji
intervention study by Fransen et al.21 found a significant
improvement of 9.7 (on a 100-point scale) on the physical
function sub-scale beyond the control group, which was
considered to be of moderate clinical significance. They did
not find significant differences on the WOMAC pain sub-
scale. The lack of significant improvement on the WOMAC in
this study could be due to the short duration of the Tai Ji
intervention (10 weeks). Another potential reason for the lack
of improvement is that four of the 12 participants in the TJ
group had a K/L grade of 4, which may have predisposed the
TJ group to improving more slowly.
Of the two interventions, the open-kinetic chain resistance
training with ankle weights appears to be the more promising
therapy for people with knee OA. Although it was not
specifically addressed in this study, there could be a simple
underlying mechanism that makes open-kinetic chain resis-
tance training better for knee OA than closed-chain exercises
and other weight bearing activities. It is known that metabo-
lism of cartilage depends partly on its mechanical environ-
ment.31,32 In a closed-kinetic chain activity, such as Tai Ji, the
peak quadriceps activation and peak tibiofemoral contact
forces occur when the knee is flexed.33 During an open-kinetic
chain exercise, peak tibiofemoral contact force occurs when
the knee is fully extended.33 When the knee is flexed in the
open-kinetic chain exercises, the ankle weight is essentially
pulling the knee into traction. This mechanical difference
could explain why the RT group in this study saw an
improvement when some other studies have not. Further
research is warranted to determine if open-kinetic chain
resistance training can result in changes in cartilage health,
measured through either MRI imaging or biomarkers.
The small size of the control group, which began with nine
participants but finished with six due to participants’ dropout,
may limit the ability to detect differences between the two
training groups and the control group. Another limitation is
that all of the K/L grade 4 patients were assigned to the Tai Ji
intervention since K/L grades were not available at the time of
group assignments. Although the difference in K/L was not
statistically significant, the Tai Ji group did have a higher
median K/L grade which may have delayed improvements in
the TJ group compared to the RT group. Another limitation is
that the TJ group spent up to 5 weeks to learn all 12 move-
ments and may not have experienced the full benefits of
training with 12 movements and the equal amount of “expo-
sure” as the RT group, although participants were provided
sufficient time to practice the new and previously learned
movements during the first 5 weeks.
214 M. Wortley et al.5. Conclusion
Both open-kinetic chain resistance training and Tai Ji were
effective in improving the timed-up-and-go and stair climb
and descend performance in seniors with knee OA. However,
little-to-no improvement in the WOMAC scores were found
for Tai Ji group, while resistance training showed a large effect
size for reducing both WOMAC pain and stiffness scores and
a moderate effect on WOMAC physical function scores.
Further research is warranted to determine if open-kinetic
chain resistance training can be effective at relieving OA
symptoms for a broader population of OA patients, and to see
if Tai Ji could be effective at relieving OA symptoms in
populations with mild OA.
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